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METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE HAVING HIGH
VOLTAGE ESD PROTECTIVE DIODE

CLAIM OF PRIORITY

The present application claims priority from Japanese
patent application JP 2009-281116 filed on Dec. 11, 2009, the
content of which 1s hereby incorporated by reference 1nto this
application.

FIELD OF THE INVENTION

The present invention concerns a semiconductor device
formed with a high voltage diode 1n which a minimum anode-
cathode voltage generating avalanche breakdown 1s higher
than that of usual diodes and a manufacturing method thereof,
and 1t particularly relates to a semiconductor device formed
with a high voltage diode for ESD, protection suitable to
protection of a high voltage transistor where a voltage applied
between a source and a drain during an OFF state 1s set higher
than that of usual transistors and a manufacturing method
thereof.

BACKGROUND OF THE INVENTION

Heretotore, as an input/output protective element for semi-
conductor devices, a PN junction diode using a PN junction
tormed by a P type high concentration diffusion region in an
anode region and an N type high concentration diffusion
region 1n a cathode region on both sides thereof to a low
concentration N type semiconductor substrate has been
known (for example, refer to JP-A-He1 8 (1996)-316480).

Further, as an input/output protective element for semicon-
ductor devices, a semiconductor device has been known so far
in which a high voltage diode as a protective element 1s
formed over a semiconductor substrate identical with that of
a high voltage NLDMOS which 1s a device to be protected,
and a P type low concentration diffusion region of the high
voltage diode 1s formed simultaneously with a P type low
concentration diffusion region as a well of a high Voltage
NLDMOS and a P type high concentration diffusion region of
the high voltage diode 1s formed 31multaneously witha P type
high concentration diffusion region for a well feed region of

the NLDMOS, respectively (for example, refer to JP-A-2000-
114266).

SUMMARY OF THE INVENTION

In semiconductor devices, for preventing disadvantage to
the semiconductor devices by electrostatic discharge (ESD)
or surge voltage and current, PN junction type diodes have
been mainly used as imnput/output protective elements for the

semiconductor devices. As the PN junction diode of this type,
JP-A-Hei 8 (1996)-316480 discloses, for example, a high

voltage PN junction diode as shown 1n FIGS. 2 and 3. FIG. 2
1s a plan view of the semiconductor surface of an existent PN
junction diode according to the technique of JP-A-Heir 8
(1996)-316480 and FIG. 3 1s an enlarged cross sectional view
along line A-A'1n FIG. 2. In the existent PN junction diode
shown 1n FIGS. 2 and 3, a P type high concentration diffusion
region 2 contained 1n an anode region 7 1s disposed to a low
concentration N type semiconductor substrate 1, and N type
high concentration diffusion regions 3 contained in a cathode
region 8 are disposed on both sides thereof to form a PN
junction and constitute a PN junction diode.
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When a surge voltage such as caused by ESD 1s applied by
way ol a cathode electrode 8 and a cathode plug 27 as a high
voltage 1n the opposite direction to the N type high concen-
tration diffusion region 3, the PN junction region 1s depleted
to generate avalanche breakdown and an avalanche current
flows from the N type high concentration diffusion region 3 1n
the cathode region 8 to the P type high concentration diffusion
region 2 1n the anode region 7. It 1s necessary that the voltage
generating the avalanche breakdown (withstand voltage) 1s at
a withstand voltage or lower of internal elements inside an IC
for protecting the elements.

In view of the above, a high voltage diode having a with-
stand voltage lower than that of a high voltage transistor to be
protected which 1s formed with no additional step thereby
enabling to reliably protect the high voltage transistor, as well
as a manufacturing method thereof are described, for
example, 1n JP-A-2000-114266. FIGS. 4 and 3 are cross
sectional structural views of a high voltage diode for ESD

protection and an NLDMOS as a high voltage transistor
according to the technique of JP-A-2000-114266.

The high voltage diode and the high voltage NLDMOS are
formed over an 1dentical semiconductor substrate, 1n which a
P type low concentration diffusion region 10 of the high
voltage diode 1s formed simultaneously with a P type low

* [T

concentration diffusion region 10 as a well for the high volt-
age NLDMOS and a P type high concentration diffusion
region 2 of the high voltage diode 1s formed simultaneously
with a P type high concentration diffusion region 2 for a well
teed region of the NLDMOS respectively. Further, an N type
high concentration diffusion region 3 1s formed simulta-
neously with an N type high concentration diffusion region 3
contained 1n the drain region of the NLDMOS. Further, a gate
oxide film 12 and a field oxide film 4 are formed simulta-
neously. In the high voltage diode, a gate electrode 13 over-
riding both of the oxide films 1s connected electrically by way
of a gate plug 28 to anode electrode. The withstand voltage of
the high voltage diode 1s determined by a distance X from the
P type low concentration diffusion region 10 to the N type
high concentration diffusion region 3 where the depletion
layer prevails. In the same manner, the withstand voltage of
the high voltage NLDMOS 1s determined by a distance Y
from the P type low concentration diffusionregion 10 to the N
type high concentration diffusion region 3 where the deple-
tion layer prevails. The withstand voltage of the diode of the
invention can be lowered than the withstand voltage of the
high voltage NLDMOS by making the distance X of the high
voltage diode smaller than the distance Y of the high voltage
NLDMOS to be protected. This can discharge static charges
entering upon ESD by the avalanche current of the high
voltage diode thereby preventing the occurrence of disadvan-
tages to the high voltage NLDMOS 1n the inside.

In an IC having an ESD protection diode mounted thereon,
the ESD withstand voltage 1s determined by an avalanche
current value of a diode (breakdown capability) of the diode
that results 1n device breakdown of the diode for ESD protec-
tion. Generally, 1n order to increase the breakdown capability
of the diode for ESD protection relative to an aimed ESD
withstand voltage value, 1t 1s necessary to increase a region
that contributes to the avalanche current and it 1s necessary to
increase the device size. Therefore, a large protective diode 1s
necessary which increases the cost. Accordingly, for reducing,
the device size, 1t 1s 1mportant to improve the breakdown
capability per unit area.

On the other hand, the diode for ESD protection formed
with the field oxide film as described above may mmvolve a
possibility of causing some or other disadvantages also

including, for example, electrostatic breakdown by the occur-
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rence of electric field concentration upon avalanche break-
down and this results 1n a problem that the breakdown capa-
bility 1s low.

The reason 1s to be described below. FIG. 7 1s a view
showing the result of calculation for the potential distribution
in an OFF state by device simulation 1n the form of an equi-

potential lines (boundary line 23 between 20 V and 30 V,
boundary line 24 between 40 V and 50 V, and boundary line
25 between 60V and 70 V) 1n a diode structure investigated by
the 1inventors per se prior to the present mvention shown in
FIG. 6, that 1s, a diode structure that can be prepared by
identical steps with those for the high voltage LDMOS 1n
which a channel region 1n a well region can be formed 1n a
self-alignment manner with a gate electrode, and the channel
length can be controlled by thermal diffusion. In the simula-
tion, the N type semiconductor substrate 1 1s formed by 10n
implantation of phosphorus of 7.5E11 cm™ at 2.5 MeV to a
boron doped P type semiconductor substrate of 3.0E411 cm™
at 30 keV, a P type low concentration diffusion region 14 1n
the anode region 7 1s formed by 10n implantation of boron of
4.4E13 cm™~ at 30 keV, a P type high concentration diffusion
region 2 1n the anode region 7 1s formed by 10n implantation
of boron of 5SE15 cm™~ at 40 keV, and an N type high concen-
tration diffusion region 3 in the cathode region 8 1s formed by
ion implantation of arsenic of 4E15 cm™ at 69 keV. The
distance between the N type high concentration diffusion
region 3 and the P type high concentration diffusion region 2
1s set to 15.5 um. As can be seen from FIG. 7, the potential
gradient 1s steep at the PN junction 22 just below the field
oxide film to form a high electric field region. Accordingly,
since the portion s liable to generate heat, the amount of static
charges that can be flown till the occurrence of the disadvan-

tage 1s small and the breakdown, capability 1s low for the
structure. In the diode structures described in JP-A-Heir 8
(1996)-316480 and JP-A-2000-114266, since the PN junc-
tion 1s present just below the field oxide film, the problem
described above 1s present and, accordingly, 1t 1s considered
that a large device size 1s necessary 1n a case of application as
a diode for ESD protection 1n a high voltage IC.

In view of the above, the present invention intends to pro-
vide a novel high voltage diode for ESD protection by form-
ing a high voltage diode of moderating such electric field
concentration and having a lower withstand voltage than that
of a high voltage LDMOS to be protected and a higher ava-
lanche capability with no additional steps, thereby capable of
reliably protecting a high voltage LDMOS with a smaller
device size, as well as a manufacturing method thereof.

Typical examples of the invention are as described below.

That 1s, a semiconductor device according to an aspect of
the invention icludes:

a semiconductor substrate of a first conduction type,

a low concentration diffusion region of a second conduc-
tion type formed over the semiconductor substrate and having,
a conduction type which 1s opposite to the first conduction
type.

a gate oxide film formed over the surface of the low con-
centration diffusion region overriding a PN junction formed
by contact between the first conduction type and the second
conduction type,

a gate electrode formed above the gate oxide film,

a first high concentration diffusion region of the first con-
duction type having an impurity concentration higher than
that of the semiconductor substrate,

a second high concentration diffusion region of the second
conduction type having a higher impurity concentration than
that of the low concentration diffusion region,
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a first electrode connected electrically with the first high
concentration diffusion region, and a second electrode con-
nected electrically with the gate electrode and the second high
concentration diffusion region, 1n which the diode 1s consti-
tuted with the first electrode and the second electrode being as
terminals.

Further, a method of manufacturing the semiconductor
device according to another aspect of the invention 1s a
method of manufacturing a semiconductor device 1n which a
diode having a first electrode and a second electrode different
from the first electrode as terminals 1s formed over a semi-
conductor, the method including the steps of:

(a) providing a semiconductor substrate of a first conduction
type.

(b) forming a low concentration diffusion region of a second
conduction type which 1s a conduction type opposite to the
first conduction type over the semiconductor substrate,

(c) forming a gate oxide film over the surface of the low
concentration diffusion regions overriding a PN junction
formed by contact between the first conduction type and the
second conduction type,

(d) forming a gate electrode above the gate oxide film,

() forming a first high concentration diffusion region of the
first conduction type having an impurity concentration higher
than that of the semiconductor substrate,

(1) forming a second high concentration diffusion region of
the second conduction type having an impurity concentration
higher that that of the low concentration diffusion region,
(g) forming a first electrode so as to be connected electrically
with the first high concentration diffusion region, and

(h) forming a second electrode so as to be connected electri-
cally with the gate electrode and the second high concentra-
tion diffusion region.

According to the invention, a high voltage diode of mod-
erating the electric field concentration and having a withstand
voltage lower than that of a high voltage LDMOS transistor to
be protected and having a high avalanche capability 1s formed
with no additional steps, thereby capable of protecting the
high voltage LDMOS transistor with the protective diode of a
small size.

[l

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a fragmentary cross sectional view showing a
basic diode structure according to a semiconductor device of
the invention;

FIG. 2 1s a fragmentary plan view showing an existent
diode structure described 1n JP-A-Hei 8 (1996)-316480;

FIG. 3 1s a fragmentary cross sectional view showing an
existent diode structure described in JP-A-He1r 8 (1996)-
316480;

FIG. 4 1s a fragmentary cross sectional view showing an
existent diode structure described 1n JP-A-2000-114266;

FIG. S1s afragmentary cross sectional view showing NLID-
MOS protected by the existent diode described in JP-A-2000-
114266;

FIG. 6 1s a fragmentary cross sectional view showing a
diode structure to which the inventors have conducted device
simulation prior to the invention;

FIG. 7 1s an explanatory view showing the result of con-
ducting device simulation on the diode structure shown 1n
FIG. 6;

FIG. 8 1s an explanatory view showing the result of con-
ducting device stmulation on the diode structure according to
the semiconductor device of the invention 1in FIG. 1;
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FIG. 9A 1s a view showing conditions 1n view of the device
constitution which are set for confirming the effect of the

invention by actually measurement;

FIG. 9B 1s a graph showing the result of actual measure-
ment conducted under the conditions shown 1 FIG. 9A for
confirming the effect of the invention;

FIG. 10 1s a fragmentary cross sectional view showing a
diode structure according to a First embodiment which 1s a
first embodiment of the invention;

FIG. 11 1s a fragmentary cross sectional view showing an
NLDMOS protected by a diode according to the First
embodiment which 1s a first embodiment of the invention;

FI1G. 121s a fragmentary cross sectional view showing each
of the manufacturing steps as well as a flow of the manufac-
turing steps for the diode according to the First embodiment
which i1s a first embodiment of the invention;

FI1G. 13 1s a fragmentary plan view showing a diode struc-
ture according to a second embodiment which 1s a second
embodiment of the invention;

FI1G. 14 1s a fragmentary plan view showing a diode struc-
ture according to a third embodiment which 1s a third embodi-
ment of the invention; and

FIG. 15 1s a common fragmentary cross sectional view
corresponding to both of the diode structure of the second
embodiment 1n FIG. 13 and the diode structure of the third
embodiment i FIG. 14.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

For attaimning the objects described above, the present
invention basically adopts the technical constitution as to be
described hereinafter.

That 1s, 1n a first aspect of a high voltage diode of the
invention, a low concentration diffusion region of a second
conduction type 1s formed over a semiconductor substrate of
a first conduction type, a gate oxide field overriding a PN
junction formed by contact between both conduction types 1s
tormed over the surface thereof and a gate electrode 1s formed
thereabove, the gate electrode 1s connected electrically with a
second electrode formed by way of the high concentration
diffusion region of a second conduction type, and a first
clectrode 1s formed by way of a high concentration diffusion
region of a first conduction type.

In a second aspect of the mvention, a field oxide field 1s
formed over the surface of the semiconductor substrate of the
first conduction type, and the gate electrode 1s formed above
the gate oxide film and the field oxide film overriding both of
them.

In a third aspect of the invention for a diode that protects a
high voltage LDMOS 1n which a well region of a second
conduction type and a drain region of a second conduction
type are formed selectively spaced from each other over the
surface layer of the semiconductor region of a first conduction
type, and a source region of the first conduction type 1s formed
over the surface layer of the well region, further, a gate elec-
trode 1s disposed by way of the gate oxide film to the well
region, and a source electrode 1n contact with the well feed
region of the second conduction type and the source region on
the well region 1s disposed, the diode has a low concentration
diffusion region of the second conduction type formed simul-
taneously with the well region of the transistor, a high con-
centration diffusion region of the first conduction type formed
simultaneously with the drain region of the first conduction
type, a high concentration diffusion region of the second
conduction type formed simultaneously with the well feed
region of the second conduction type, and a gate oxide film of
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the diode 1s formed over the semiconductor substrate simul-
taneously with a gate oxide film of the transistor, a field oxide
f1lm of the diode 1s formed simultaneously with a field oxide
film of the transistor, and a gate electrode of the diode 1is
formed simultaneously with a gate electrode of the transistor.

In a fourth aspect of the invention, the length of the field

oxide film 1s shorter than that of the field oxide film of the
transistor.

In a fifth aspect of the invention, the length from the PN
junction to the field oxide film 1s 1.7 um or more.

In a sixth aspect of the mvention, two or more regions
having electrodes each paired with a drift region are present to
one region having a first electrode or a second electrode are
present to form a multi-channel structure.

In the seventh aspect of the invention, the device 1s formed
over an SOI substrate.

In a first aspect of a manufacturing method of a high volt-
age diode according to the invention the diode has, over the
semiconductor substrate, a low concentration diffusion
region ol a second conduction type formed simultaneously
with a well region of a transistor over a semiconductor sub-
strate, a high concentration diffusion region of a first conduc-
tion type formed simultaneously with a drain region of the
first conduction type, a high concentration diffusion region of
the second conduction type formed simultaneously with the
well feed region of the second conduction type, and a gate
oxide film, a field oxide film, and a gate electrode formed
simultaneously.

In the second aspect of the invention, the high voltage diode
1s Tormed over an SOI substrate.

More specifically, the semiconductor device of the mven-
tion includes a semiconductor substrate, a low concentration
diffusion region, a gate oxide film, a gate electrode, a first
high concentration diffusion region, a second high concen-
tration diffusion region, and a first electrode and a second
electrode, 1n which a diode has a first electrode and a second
clectrode as terminals and in which the gate oxide film 1s
tformed over the surface of the low concentration diffusion
region overriding a PN junction formed by contact between
the first conduction type and the second conduction type. The
semiconductor substrate 1s a first conduction type and the low
concentration diffusion region 1s a second conduction type
which 1s a conduction type opposite to the first conduction
type and formed over the semiconductor substrate. The gate
clectrode 1s formed above the gate oxide film. The first high
concentration diffusion region 1s the first conduction type and
has an 1mpurity concentration higher than that of the semi-
conductor substrate. The second high concentration diffusion
region 1s a second conduction type and has an impurity con-
centration higher than that of the low concentration diffusion
region. The first electrode 1s connected electrically with the
first high concentration diffusion region and the second elec-
trode 1s connected electrically with the gate electrode and the
second high concentration diffusion region.

In the constitution described above, 1t 1s more preferred to
turther provide a field oxide film formed over the surface of
the semiconductor substrate. In this case, the gate electrode 1s
formed above the gate oxide film and the field oxide film
overriding both of them.

In the constitution, it 1s preferred that the length from the
PN junction to the field oxide film of the diode 1s 1.7 um or
more.

It 1s preferred to form a multi-channel structure by includ-
ing two or more regions having electrodes each paired with a
driit region to one of the region having the first electrode and
the region having the second electrode.
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It 1s preferred to form the semiconductor substrate with an
SOI substrate in which an insulating layer 1s formed inside the
silicon layer.

The semiconductor device of the invention constituted as
described above 1s suitable also as a semiconductor device 1n
which a diode protects an LDMOS transistor integrally
formed simultaneously with the diode over a common semi-
conductor substrate and the LDMOS transier includes a well
region of a second conduction type formed over the surface
layer of the semiconductor region of a first conduction type, a
drain region of a first conduction type formed over the surface
layer of the semiconductor region selectively spaced from the
well region, a source region of the second conduction type
tormed over the surface layer of the well region, a gate elec-
trode disposed to the well region by way of the gate oxide
film, and a source electrode in contact with a well feed region
over the well region of a second conduction type and a source
region. In this case, the low concentration diffusion region 1s
formed simultaneously with the well region of the LDMOS
transistor over the semiconductor substrate, the first high

concentration diffusion region 1s formed simultaneously with
the drain region of the LDMOS transistor, the second high
concentration diffusion region 1s formed simultaneously with
the well feed region of the LDMOS ftransistor, and the gate
oxide film, the field oxide film, and the gate electrode are
formed simultaneously to each other.

In this constitution, it 1s preferred that the length of the field
oxide film of the diode 1s shorter than that of the field oxide
{ilm of the LDMOS transistor.

Preferred constitution with respect to the length from the
PN junction to the field oxide film of the diode, the multi-
channel structure and the type of the semiconductor substrate
are 1dentical with those of the preferred constitution for the
previous basic constitution.

On the other hand, the method of manufacturing the semi-
conductor device according to an embodiment of the mven-
tion 1s a method of manufacturing the semiconductor device
in which a diode having a first electrode and a second elec-
trode different from the first electrode as terminals 1s formed

over a semiconductor substrate and which includes each of

the following steps (a) to (h).

(a) providing a semiconductor substrate of a first conduc-
tion type,

(b) forming a low concentration diffusion region of a sec-
ond conduction type which 1s a conduction type opposite to
the first conduction type over the semiconductor substrate,

(c) forming a gate oxide film over the surface of the low
concentration diffusion region overriding a PN junction
formed by contact between the first conduction type and the
second conduction type,

(d) forming a gate electrode above the gate oxide film,

() forming a first high concentration diffusion region of a
first conduction type having an impurity concentration higher
than that of the semiconductor substrate,

(1) forming a second high concentration diffusion region of

a second conduction type having an impurity concentration
higher than that of the low concentration diffusion region,

(g) forming a first electrode so as to be connected electri-
cally with the first igh concentration diffusion region, and

(h) forming a second electrode so as to be connected elec-
trically with the gate electrode and the second high concen-
tration diffusion region.

In this constitution, it 1s more preferred to further include
the following step (1).

(1) A step of forming a field oxide film over the surface of

the semiconductor substrate.
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In this case, the step (d) 1s a step of forming the gate
clectrode above the gate oxide film and the field oxide film
overriding both of them.

In the constitution described above, the manufacturing
method of the semiconductor device according to another
embodiment of the invention i1s preferably a manufacturing
method of a semiconductor device of integrally forming an
LDMOS transistor with a diode over a common semiconduc-
tor substrate, the LDMOS transistor including a well region
of a second conduction type formed over the surface layer of
the semiconductor region of a first conduction type, a drain
region of the first conduction type formed selectively over the
surface layer of the semiconductor region spaced from the
well region, a source region of a second conduction type
formed over the surface layer of the well region, a gate elec-
trode disposed to the well region by way of the gate oxide
film, and a source electrode 1n contact with the well feed
region and the source region over the well region of the

second conduction type. In this case, the step (b) 1s a step of
forming the low concentration diffusion region simulta-
neously with the well region of the LDMOS transistor over
the semiconductor substrate, the step (e) 1s a step of forming
the first high concentration diffusion region simultaneously
with the drain region of the LDMOS transistor, the step (1) 1s

a step of forming the second high concentration diffusion
region simultaneously with the well feed region of the
LDMOS transistor, the step (¢) 1s a step of forming the gate
oxide film of the diode simultaneously with a gate oxide film
of the LDMOS transistor, the step (d) 1s a step of forming the
gate electrode of the diode simultaneously with a gate elec-
trode of the LDMOS transistor, and step (1) 1s a step of
forming the field oxide film of the diode simultaneously with
a field oxide film of the LDMOS transistor.

In the constitution, 1t 1s preferred that the length of the field
oxide film of the diode 1s shorter than that of the field oxide
f1lm of the LDMOS transistor.

Also 1n the manufacturing method of the semiconductor
device of the invention, a preferred constitution with respect
to the length from the PN junction to the field oxide film of the
diode, the multi-channel structure, and the type of the semi-
conductor substrate 1s 1dentical with the basic constitution of
the semiconductor device of the invention described above.

According to the preferred embodiments of the mvention
described above, the following effects can be obtained.

That 1s, 1n the diode structure as in FI1G. 1 applied with the
constitution described above, the potential distribution 1n the
OFF state 1s calculated by device simulation, and the result of
showing equi-potential lines (boundary 23 between 20V and
30 V and boundary 24 between 40 V and 50 V) 1s shown 1n
FIG. 8. In the simulation, the N type semiconductor substrate
1 is formed by 10n 1mplantation of phosphorus of 7.5E11

~“at25MeVtoaP type semiconductor substrate doped
Wlth boron of 3.0E14 cm™= at 30 keV, the P type low concen-
tration diffusion region 14 in the anode reglon 7 1s formed by
ion implantation of boron of 4.4E13 cm™ at 30 keV, the P type
high concentration diffusion region 2 in the anode region 7 1s
formed by ion implantation of SE15 cm™ at 40 keV, and the
N type high concentration region 3 1n the cathode region 8 1s
formed by ion implantation of arsenic of 4E15 cm™ at 69 ke V.
The distance between the N type high concentration diffusion
region 3 and the P type high concentration diffusion region 2
was set to 15.5 um. By forming the gate electrode by way of
the gate oxide film above the PN junction 22 as shown in FI1G.
8, the gate electrode acts as a field plate and the electric field
1s moderated 1n the PN junction 22. Accordingly, heat 1s less
generated to increase the voltage leading to occurrence of
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disadvantage and increase the amount of static charges that
can be tlown. Accordingly, the avalanche withstand capabil-
ity 1s 1improved.

FIG. 9A 15 a view showing the constitutional conditions of
a device which are set for confirming the effects described
above by actual measurement and FI1G. 9B 1s a graph showing
the result of the measurement thereof. From the drawings, it
can be seen that when the distance 18 from the end of the field
oxide film to the PN junction 1s maintained at 1.7 um, the
breakdown withstand capability 1s improved by about 10
times compared with the case where the distance 1s 0 um.

Further, 1n the diode described above, by setting the length
of the field oxide film to shorter than that of the LDMOS
prepared by the identical step, the withstand voltage 1s low-
ered relative to that of the LDMOS and a high voltage
LDMOS can be protected upon ESD.

As described above, the diode according to the semicon-
ductor device and the manufacturing method thereotf of the
invention can protect the LDMOS with a smaller device size
than 1n the case of applying the existent structure.

Each of the embodiments of the invention 1s to be described
specifically with reference to the drawings. In the followings,
it 1s described that the first conduction type 1s the n type and
the second conduction type 1s the p type, but same effect can
be expected also for the opposite conduction types.

First Embodiment

FIG. 10 1s a cross sectional view showing a structure of a
specific example of a high voltage diode according to the
invention. The drawing shows a high voltage diode having a
P type low concentration diffusion region 14 constituting an
anode region 7 formed over an N type low concentration
semiconductor substrate 1 constituting a cathode region 8, a P
type high concentration diffusion region 2 formed over the
surface of the anode region 7, an N type high concentration
diffusion region 3 formed over the surface of the cathode
region, an anode electrode 5 above over the P type high
concentration diffusion region 2 by way of an anode plug 26,
a cathode electrode 6 formed above the N type high concen-
tration diffusion region 3 by way of a cathode plug 27, a gate
oxide film 12 disposed over the substrate surface overriding
the P type low concentration diffusion region 14 and the N
type low concentration semiconductor substrate 1, a gate
clectrode 13 disposed overriding the gate oxide film and the
field oxide film, 1in which the gate electrode 13 1s connected
clectrically with the anode electrode 5 by way of a gate plug
28.

The mvention 1s to be described more specifically. FIG. 10
1s a cross sectional view of a high voltage diode according to
the invention and FIG. 11 1s a cross sectional view of a high
voltage NLDMOS to be protected, and the high voltage diode
and the high voltage transistor are formed simultaneously
over an 1dentical substrate. FIG. 12 shows the steps of form-
ing the diode and the NLDMOS. In the diode of the invention,
for forming anode and cathode regions over an N type low
concentration semiconductor substrate 1, a field oxide film 4
1s patterned and then a gate oxide film 12 and a gate electrode
13 are formed. Then, a P type low concentration diffusion
region 14 1s formed by 1on implantation 1n self-alignment
manner to the thus formed gate electrode 13. Then, high
concentration regions 2 and 3 are formed over the surface of
a region ol the P type low concentration diffusionregion 14 of
the N type semiconductor substrate 1, and an interconnection
1s fabricated so as to electrically connect the gate electrode
and the anode electrode. On the other hand, 1n a high voltage
NLDMOS to be protected, for forming source and the drain
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regions to the N type low concentration semiconductor sub-
strate 1, a field oxide film 1s patterned and then a oxide film 12
and a gate electrode 13 are formed. Then, a P type low con-
centration diffusion region 14 as a well region 1s formed by
ion 1mplantation in a self-alignment manner to the thus
formed gate electrode 13. Then, a source region, a well feed
region, and a drain region are formed by 10n 1mplantation to
the N type high concentration region 3, the P type high con-
centration diffusion region 2, and the N type high concentra-
tion diffusion region 3, and interconnections are fabricated.
In the high voltage diode formed as described above, when
a voltage 1s applied to the N type high concentration diffusion
region 3 as a cathode, avalanche breakdown occurs at the
withstand voltage to increase the current. While the potential
distribution inside the substrate shows a steep gradient in the
vicinity below the field oxide film on the side of the anode
region, the potential gradient in the vicinity of the substrate
surface 1s moderated by the field plate effect of the formed
gate electrode 13. Accordingly, since a great amount of static
charges can be flown t1ll the occurrence of the thermal disad-
vantage occurs aiter the starting of the avalanche breakdown,
s1ze reduction of the diode necessary for obtaining a prede-

termined ESD withstand voltage can be expected. Further, the
withstand voltage of the diode and that of the NLDMOS
prepared 1n the steps described above depend on the length of
the field oxade film. When the length X of the field oxide film
of the diode 1s set shorter than the length Y of the field oxide
{1lm of the NLDMOS the withstand voltage of the diode of the
invention can be made lower than the withstand voltage of the
NLDMOS. Accordingly, when ESD charges are introduced
into an IC, avalanche occurs 1n the diode of lower withstand
voltage and the diode acts as a discharging device to play a
role of protecting the NLDMOS.

Second Embodiment

FIGS. 13 and 15 show another example of a high voltage
diode applied with the invention. FIG. 13 1s a fragmentary
plan view 1n the vicinity of a semiconductor surface and FIG.
15 shows a fragmentary cross sectional view thereof. Two
cathode regions (or anode regions) are disposed each for one
anode region (or cathode region) on both sides thereof to form
a multi-channel structure. Further, all anode regions and cath-
ode regions are connected electrically by interconnection of
clectrodes.

When a high voltage 1s applied to the cathode electrode,
avalanche breakdown occurs at a withstand voltage to
increase the current. When the length of all field oxide films of
the diode 1n the multi-channel structure 1s made equal, the
withstand voltage at which avalanche breakdown occurs 1s
made equal for the entire channels. While the slope becomes
steep 1n the vicimty of the end of the field oxide film of the
anode, the potential gradient 1s moderated 1n the vicinity of
the substrate surface due to the field plate effect of the formed
FG electrode. Accordingly, a great amount of static charges
can be tlown ti1ll the occurrence of thermal disadvantage after
starting of the avalanche breakdown. In a multi-channel struc-
ture where the length of the field oxide film 1s equal for the
entire channels, static charges that can be flown are several
times as large as the number of channels. In a case of applying
this multi-channel structure, since the size can be decreased
by so much as the anode region (or cathode region) adjacent
with a device 1solation region compared with a case of arrang-
ing 1-channel structure devices by a required number to the
aimed ESD withstand voltage, this can provide a size reduc-
tion effect of the device.
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Third Embodiment

FIGS. 14 and 15 show a further example of a high voltage

diode applied with the invention. FIG. 14 1s a fragmentary
plan view 1n the vicinity of a semiconductor surface and FIG.
15 shows a fragmentary cross sectional view. The structure 1s
identical with that of the second embodiment described above
in that two cathode regions (or anode regions) are disposed on
both sides of are 1 anode region (or cathode region) to form a
multi-channel structure and 1n that electrodes are connected
clectrically by mterconnection for all anode regions and cath-
ode regions. The structure 1s different from that of the second
embodiment 1n that each of the regions for the anode and the
cathode 1s arranged on a concentric circle with a certain point
as a center, and each of the regions 1s formed 1n a ring shape
so as to provide a structure not having ends.

Also 1n the structure of this example, when a high voltage
1s applied to the cathode electrode, avalanche breakdown
occurs at the withstand voltage to increase the current 1n the
same manner as in the structure of the second embodiment.
When the length of all field oxide films of the diode having a
multi-channel structure 1s set equal, the withstand voltage at
which avalanche breakdown occurs 1s equal for all channels.
While the potential distribution inside the substrate shows a
steep gradient 1n the vicimty at the end of the field oxide film
of the anode, the potential gradient 1s moderated 1n the vicin-
ity of the substrate surface since the field plate effect of the
tformed FG electrode exerts. Accordingly, a great amount of
static charges can be flown till the occurrence of thermal
disadvantage after starting the avalanche breakdown. In the
multi-channel structure where the length of the field oxide
films 1s made equal for entire channels, the static charges that
can be tlown 1s increased by the number of the channels.
When the multi-channel structure 1s applied, since the size
can be decreased by so much as the anode regions (or cathode
region) adjacent with the device 1solation region compared
with the case of arranging the devices of one-channel struc-
ture by a required number to the aimed ESD withstand volt-
age, size reduction etlect of the device can be provided.

What 1s claimed 1s:

1. A method of manufacturing a semiconductor device
configured by forming a diode having a first electrode and a
second electrode different from the first electrode as terminals
over a semiconductor substrate, the method comprising:

(a) providing the semiconductor substrate of a first conduc-

tion type;

(b) forming a low concentration diffusion region of a sec-
ond conduction type which 1s a conduction type opposite
to the first conduction type over the semiconductor sub-
strate;

(c) forming a gate oxide film over a surface of the low
concentration diffusion region overriding a PN junction
formed by contact between the first conduction type and
the second conduction type;

(d) forming a gate electrode above the gate oxide film;

(¢) forming a first high concentration diffusion region of
the first conduction type having an impurity concentra-
tion higher than that of the semiconductor substrate;

(1) forming a second high concentration diffusion region of
the second conduction type having an impurity concen-
tration higher than that of the low concentration diffu-
5101 region;

(g) forming a first electrode so as to be connected electr-
cally with the first high concentration diffusion region;
and
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(h) forming a second electrode so as to be connected elec-
trically with the gate electrode and the second high con-
centration diffusion region.

2. The method of manufacturing a semiconductor device

according to claim 1, further comprising:

(1) forming a field oxide film over the surface of the semi-
conductor substrate,

wherein the step (d) 1s a step of forming the gate electrode
above the gate oxide film and the field oxide film over-
riding both of the films.

3. The method of manufacturing a semiconductor device

according to claim 2,

wherein the length from the PN junction to the field oxide
film of the diode 1s 1.7 um or more.

4. The method of manufacturing a semiconductor device

according to claim 2,

wherein a multi-channel structure 1s formed by including
two or more regions having electrodes each paired with
a drift region to one of a region having the first electrode
and a region having the second electrode.

5. The method of manufacturing a semiconductor device

according to claim 2,

wherein the semiconductor substrate 1s an SOI substrate 1n
which an insulation layer 1s formed 1inside a silicon layer.

6. The method of manufacturing a semiconductor device

according to claim 2, configured by integrally forming a
LDMOS ftransistor together with the diode over a common
semiconductor substrate, the LDMOS transistor including:

a well region of the second conduction type formed over a
surface layer of a semiconductor region of the first con-
duction type;

a drain region of the first conduction type formed over a
surface layer of a semiconductor region selectively
spaced from the well region;

a source region of the second conduction type formed to the
surface layer of the well region;

a gate electrode disposed by way of a gate oxide film to the
well region;

a source electrode 1n contact with a well feed region over
the well region and the source region of the second
conduction type 1s further formed integrally with the
diode over a common semiconductor substrate, and

a field oxide film formed over the semiconductor substrate,

wherein the step (b) 1s a step of forming the low concen-
tration diffusion region simultaneously with the well
region of the LDMOS transistor over the semiconductor
substrate,

wherein the step (e) 1s a step of forming the first high
concentration diffusion region simultaneously with the
drain region of the LDMOS transistor,

wherein the step (1) 1s a step of forming the second high
concentration diffusion region simultaneously with the
well teed region of the LDMOS transistor,

wherein the step (¢) 1s a step of forming the gate oxide film
of the diode simultaneously with the gate oxide film of
the LDMOS transistor,

wherein the step (d), 1s a step of forming the gate electrode
of the diode simultaneously with the gate electrode of
the LDMOS transistor, and

wherein the step (1) 1s a step of forming the field oxide film
of the diode simultaneously with the field oxide film of
the LDMOS transistor.

7. The method of manufacturing a semiconductor device

according to claim 6,

wherein the length of the field oxide film of the diode 1s

shorter than that of the field oxide film of the LDMOS

transistor.



US 8,546,213 B2

13

8. The method of manufacturing a semiconductor device
according to claim 6,
wherein the length from the PN junction to the field oxide
f1lm of the diode 1s 1.7 um or more.
9. The method of manufacturing a semiconductor device
according to claim 6,
wherein a multi-channel structure 1s formed by including
two or more regions having electrodes each paired with
a drift region to one of a region having the first electrode
and a region having the second electrode.
10. The method of manufacturing a semiconductor device
according to claim 6,
wherein the semiconductor substrate 1s an SOI substrate 1n
which an insulation layer 1s formed inside a silicon layer.
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